Myocardial tissue blood flow of the left ventricle was measured by means of the heat clearance technique in open chest dogs under chloralose. The myocardial segment chosen for the flow measurement was rendered ischemic by occlusion of the left anterior descending (LAD) artery. In the ischemic state the area explored was supplied exclusively by the collateral vessels. Local vascular responses to various forms of adrenergic excitation (stellate stimulation, administration of noradrenaline and isoproterenol) were registered both before and after coronary occlusion. Coronary reactions were expressed as per cent local vascular conductance changes.
SUMMARY
Myocardial tissue blood flow of the left ventricle was measured by means of the heat clearance technique in open chest dogs under chloralose. The myocardial segment chosen for the flow measurement was rendered ischemic by occlusion of the left anterior descending (LAD) artery. In the ischemic state the area explored was supplied exclusively by the collateral vessels. Local vascular responses to various forms of adrenergic excitation (stellate stimulation, administration of noradrenaline and isoproterenol) were registered both before and after coronary occlusion. Coronary reactions were expressed as per cent local vascular conductance changes.
In the normal state all forms of the adrenergic activation elicited significant coronary dilatation (increase in vascular conductance). After coronary occlusion the average value of this coronary dilatation considerably decreased. At the same time, a systematic inverse relationship was found between the resting level of the collateral vascular conductance and its chance for an increase during adrenergic activation; in cases of high resting collateral conductance values, instead of an increase, a decrease was observed during stellate stimulation and noradrenaline administration. Pure beta-adrenergic activation induced by isoproterenol did not elicit similar decreases in the collateral conductance. The results suggest that adrenergic activation is able to upset an uncertain intrinsic vascular balance in the ischemic myocardium. 
RESULTS
The results are summed up in the Table. In the normal state, as usual, all forms of the adrenergic stimuli elicited coronary dilatation resulting in augmentation of the calculated vascular conductance. The local dilatory responses induced by stellate stimulation and isoproterenol administration were considerably greater than those induced by noradrenaline. The flow increases were accompanied by marked and moderate hypertensive responses after noradrenaline administration and stellate stimulation respectively , whereas after isoproterenol administration the blood flow increased in association with a slight hypotensive response.
Occlusion of the LAD artery reduced the local myocardial flow in the great majority of experiments. Blood pressure, however, did not reveal a substantial fall. After coronary occlusion the circulatory parameters were allowed to reach a fairly stabilized level, then the respective form of the adrenergic excitation was repeated again. On the average, the vascular responses induced by adrenergic activation became attenuated in the ischemic segment . Noradrenaline even elicited a reversed effect (decrease of vascular conductance) in the majority of cases. Fig.1 illustrates a typical case of attenuation in the pure beta-adrenergic vascular response elicited by isoproterenol. Fig.2 shows the post-occlusion changes in the coronary response induced by stellate stimulation: in the ischemic state the normal dilatory effect failed to occur; instead of an increase J ap. Heart J. May, 1974 even a decrease ensued in the calculated vascular conductance. These experiments, however, illustrate only examples from a wide range of individual coronary responses which are masked by the average values. Detailed analysis of the results revealed a systematic inverse relationship between the resting level of the collateral blood supply and its chance for an increase during adrenergic activation. In Fig.3 changes of the local coronary conductance observed in the normal state (upper panels) as well as in the ischemic state (lower panels) are plotted against the resting collateral conductance levels. Conductance values both in abscissa and in ordinate are expressed as per cent of the normal control level. Each symbol represents an individual animal. As far as the ischemic effects of stellate stimulation and noradrenaline administration are concerned, a significant negative correlation could be observed, i.e. the response is characterized by conductance However, this conclusion is based on flow measurements which reflect directional changes of the average flow in large ischemic areas at best, but fail to Jap. Heart J. May, 1974 dissect out the vascular reactions of smaller regions that comprise average collateral perfusion.
With the aid of the heat clearance technique it is possible to restrict flow measurements to sufficiently circumscribed areas of the myocardium. Although a considerable disadvantage of the method is that the flow changes cannot be converted into the conventional units of the other flow measuring techniques, the results may be expressed in relative (percentage) changes of the control value. At the same time, by using this method the very aspect of the collateral blood supply could permanently be observed: the dynamics of fl ow changes, that escaped the attention of investigators till now.
By employing the heat clearance method, Uchida and Ueda1) have made the important observation that when the LAD artery was constricted stepwise by a screw clamp in order to produce various degrees of myocardial ischemia, a considerable heterogenity of the regional blood flow can be induced by sympathetic stimulation. In severe ischemic states elicited by a marked constriction of the coronary artery the collateral vessels were supposed to participate in the reaction.1) Non uniform character of the sympathetic blood flow responses described by the Japanese authors was fully confirmed in this study. Since the LAD artery was completely occluded in the present experiments, our observations focus on the nature of the collateral vessel reactions.
Myocardial blood flow was measured in the outer half of the ventricular wall, in a depth roughly corresponding to the "first middle layer" of Uchida and Ueda's terminology.5) In this layer direct communications between the coronary arteries and the ventricular chamber do not contribute to the collateral flow.5) In the normal state all forms of adrenergic activation were found to increase local vascular conductance in this field. On the average, this dilatory effect was considerably reduced by occlusion of the LAD artery. However, the average figures mask a wide variety of individual vasomotor responses, especially during stellate stimulation and noradrenaline administration. The results suggest that adrenergic excitation is able to upset a very delicate and uncertain intrinsic vascular balance existing in the ischemic myocardium. Stellate stimulation and noradrenaline regularly elicited a local conductance increase in case of a poor collateral supply, whereas they elicited a decrease in conductance in case of a rich collateral supply. The latter effect can be considered a new quality of coronary vasomotor responses.
It may rightly be assumed that collateral channels are delivering blood into a maximally dilated microvascular system. Constrictor effects are expected to be negligible within the ischemic segment, where a large amount of vasodilator metabolites are released by the hypoxic myocardium, whereas an additional beta-adrenergic dilatation is equally improbable there. In contrast, because of the diffusion limited sphere of action of these metabolites, adrenergic mechanisms probably influence local conductance by their effects on the collateral arterial network just outside the ischemic area.
In the ischemic zone attenuation of the adrenergic dilatation seems to be an obvious consequence of the new pathologic hemodynamic pattern. At the same time, the conductance decrease induced by adrenergic stimulation as well as its dependence on the resting level of the collateral flow remains to be elucidated. There is a possibility that this effect can be attributed to intrinsic steal phenomena elicited by coronary dilatation of the surrounding normal areas. A similar mechanism was proposed by Uchida and Ueda to explain adrenergic flow decreases in the ischemic zones after moderate mechanical constriction of the coronary artery.1) As far as the present experiments are concerned, it may be assumed that the greater the diameter of the supplying collaterals, the greater are both resting collateral flow values and siphoning effects exerted through them. Should this explanation proved to be correct the relative dilatory potency of the adrenergic stimuli may be found to harmonize with it. Decrease in collateral vascular conductance, however, failed to occur after the administration of isoproterenol, having pure and strong beta-adrenergic dilatory influences, but lacking entirely the alpha-adrenergic constrictor potency. It is not improbable, therefore, that under the present conditions the local conductance decrease induced by adrenergic activation can, at least partly, be ascribed to alpha-stimulating effects. In the normal coronary circulation, such an effect, although present, never dominates the picture when the sympathetic fibres are stimulated supramaximally or catecholamines are given in a large dose.6)-8) However, in the presence of comparatively large-bore collaterals connected to a maximally dilated ischemic vascular network the resultant response may be different from the normal one: adrenergic responses may become dependent on the large vessel reactions. The alpha-constrictor sensitivity of the larger coronary segments has been reported to surpass the alpha-sensitivity of the small coronary branches.9) Thus, high levels of the collateral flow may coincide with an exaggerated constrictor sensitivity. On the other hand, when collateral fl ow is delivered by draining only the microvasculature of the marginal myocardial areas, the resting level of this flow is expected to be low. Nevertheless, in the latter case the system will be more susceptible to dilatory adrenergic effects of beta-type.
